Maternal obesity is inextricably linked to adverse health outcomes for the mother and her children. The peripartum period is a critical period of risk. In this chapter, we examine the importance of maternal prepregnancy weight status, gestational weight gain, breastfeeding, and postpartum weight loss in relation to subsequent risk for maternal obesity and obesity in the offspring. Promoting optimal maternal weight during the preconception, pregnancy, and postpartum periods will provide lifelong benefits for maternal health and the health of her progeny.
Introduction

THE IMPORTANCE OF THE MOTHER-INFANT DYAD FOR OBESITY AND ITS PREVENTION
Focusing on pregnancy is a strategy to influence maternal, fetal, and infant health during pregnancy and beyond. Maternal weight and epigenetic influences, even from the prior generation, impart risk for the child. 1 The dyadic mother-infant relationship begins in the earliest stage of prenatal life and continues through infancy. The shared nature of the peripartum phase is especially salient for the development of obesity in the mother or the infant. Offspring of overweight and obese women are at increased risk to be born large-for-gestational age and become overweight or obese as children or adults. 2 Risk relates to maternal preconceptual weight, weight gain, and maternal glucose metabolism during pregnancy and breastfeeding. Thus, focusing on the mother and infant as an inseparable and reciprocal dyad allows an integral approach to promoting optimal weight in mothers and their offspring. Pregnancy is an amazing period of receptivity to behavior change as the mother focuses inward on the developing fetus, initially as an integral part of herself, and gradually as a separate individual. Therefore, it is a time of relative openness to improving health behaviors.
OBESITY EPIDEMIC AND THE ROLE OF PREGNANCY AND PRENATAL LIFE
Dramatic changes in society over the past 40 years have led to an epidemic of obesity that threatens the overall health of the US population. 3 In 2012, about 36% of US adults were obese [body mass index (BMI)>30] and an additional 30% were overweight (BMI>25). 3 On the basis of the latest estimates, women of childbearing age (20 to 39 y old) were 32% obese with an additional 24% who were overweight. 4 Non-Hispanic black and Mexican American women had the highest rates. 4 Overweight and obesity prevalences have continued to increase in minority women. With respect to parity, primiparous women tend to gain more weight during pregnancy and have higher rates of postpartum weight retention than multiparous women. 5 For this reason, prioritizing optimal weight gain during the first pregnancy and return to prepregnancy weight afterwards has the potential to decrease the cycle of increasing obesity rates in women and their progeny. Perhaps because they have already experienced weight gain during a prior pregnancy, multiparous women are less likely to have excessive gestational weight gain than primiparous women. 5 
ONGOING LINK BETWEEN MOTHER AND CHILD RELATED TO OBESITY RISK
After the pregnancy, mothers continue to influence their infants' weight gain and weight status. Breastfeeding is 1 factor that promotes optimal weight gain in infants. 6 Risk reduction is related to exclusivity and duration of breastfeeding. One postulated mechanism is the promotion of self-regulation of appetite in the infant. Another important factor is the timing of introduction of supplemental baby foods. Infants who receive first baby foods later in the first 6 months exhibit lower risk for obesity than those who receive baby foods early in that period. In addition, the family food and activity environment are important predictors of early weight gain. Weight gain in infancy is an important risk for later obesity. 2 In 2011 to 2012, an estimated 8.1% of infants under 2 years old were obese. 3 This prevalence has not changed over the past decade. However, the obesity rate for 2-to 5-year-old children declined slightly over the last decade from 13.9% to 8.4%. 3 During this period, there were important clinical efforts and public health interventions, some of which may be responsible for this change. Obstetric providers began to follow the 2009 Institute of Medicine Report ''Weight gain during pregnancy: reexamining the guidelines.'' 7 The USDA Special Supplemental Nutrition Program for Women, Infant, and Children (WIC) revised the food packages to increase fruits and vegetables and to decrease higher-calorie foods. In addition, pediatric providers were increasingly counseling families about the risks of excess weight gain in preschool-age children. The decline in obesity among 2-to 5-year olds is good news. However, among black and Hispanic children, the rates are 30% higher than they are among white children. 3 Similarly, low-income children are at increased risk for obesity. Furthermore, development of obesity as early as preschool imparts risk for later obesity, including biomarkers related to heart disease. 1 Because of these very critical periods related to the development of obesity, including fetal, early life, and childhood, early prevention is essential. 1 Throughout the life cycle, there are multiple time points of risk for the development of obesity in both mother and offspring ( Fig. 1 ). 1 At the same time, these periods of risk present opportunities for intervention and the prevention of obesity. In this paper, we focus on pregnancy and the postpartum periods as, perhaps, the most influential times of risk and opportunity for interrupting the cycle of maternal and offspring obesity.
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Maternal Body Mass, Fetal Weight Gain, and Infant Birthweight
For the newborn infant, the strongest predictor of later obesity is maternal preconceptual BMI. 8 The mother's preconceptual weight status is a marker of both environmental and genetic risk for the child. Genetic traits from the family can influence obesity risk. Relatively common obesity susceptibility gene variants interact with diet in 3 possible ways: (1) increase saturated fat and refined carbohydrate consumption; (2) decrease energy expenditure; or (3) alter lipid metabolism regulation. It is highly likely that genetic determinants relate to eating behavior. Environments with readily available calorically dense foods and multiple sensory cues to prompt eating are considered particularly hazardous for those with genetic risk. Current high obesity rates suggest that such environments are risky for most.
Excess gestational weight gain is associated with risk for both the infant and the mother. 9, 10 In approximately two thirds of US pregnancies, weight gain exceeds Institute of Medicine guidelines. 9 We first consider risk for the infant. Excess gestational weight gain is associated with fetal macrosomia and increased risk for developing childhood obesity. 10 Macrosomic infants are at increased risk of obesity in childhood and adulthood compared with normal birthweight infants. 8 Thus, more optimal gestational weight gain decreases risk for high birthweight. It is well documented that many women increase caloric intake and decrease physical activity during pregnancy. On the basis of knowledge gained from nutrition and physical activity interventions promoting behavior change techniques, limiting excess caloric intake and increasing exercise during pregnancy may reduce gestational weight gain. 11 Curbing excess gestational weight gain has been associated with lower risk of childhood overweight. This is true even FIGURE 1. Developmental and intergenerational effects of obesity. Significant interstage events include: 1. intrauterine programming; 2. breastfeeding, early food exposure, attachment stage; 3. early childhood growth, child care, habit formation; 4. brain maturation, self-management, puberty, health behaviour change, increased salience of peer and school effects; 5. independence, increasing life stress; 6. preconceptual health, parental health status, prenatal care. From Nader et al. 1 
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Williams et al www.clinicalobgyn.com when first and second trimester weight gain have exceeded the recommended guidelines. 12 Low birthweight infants, whether they are premature or small-for-gestational age, are at increased risk for developing obesity largely based on rapid growth during infancy. 8 It has been customary for pediatricians and neonatologists to encourage rapid growth for low birthweight infants. However, it is now understood that risk for obesity is an unintended consequence of rapid early growth. In addition, low birthweight infants are at increased risk for developing metabolic syndrome, high blood pressure, abnormal lipid profiles, and cardiovascular diseases in adulthood compared with infants of normal birthweight. 1, 8 Infants' individual weight gain trajectories continue on a consistent path from prenatal into postnatal life. The effect of gestational weight gain on infant weight continues after birth, as fetal weight in the last trimester is associated with infant weight gain in the first months of life and subsequent risk for obesity. 8 Excess gestational weight gain not only presents health risks for the mother during pregnancy, labor, and delivery, but also significant increased risk for postpartum weight retention. 9 Furthermore, return to prepregnancy weight is important not only for the mother's health, but also the health of her future infants. The mother's postpartum weight often becomes her prepregnancy weight for the next pregnancy. For mothers, the risk for compounding weight gain and subsequent long-term obesity risk increases in women with short interpregnancy intervals. Weight retention varies greatly in the first year postpartum; however, it is estimated that between 15% and 25% of US women retain 4 kg (B8.8 lbs.) or more in the first 6 to 18 months after birth. 13 If women are already overweight or obese, retaining substantial postpartum weight, and then becoming pregnant again, puts both her and her offspring at greater risk for suboptimal outcomes related to excess weight. Women who have experienced an interpregnancy increase in BMI may be at higher risk for gestational diabetes mellitus in the next pregnancy. 14 In contrast, interpregnancy weight management may improve maternal health outcomes. Reducing postpartum weight retention lowers risk for obesity in subsequent pregnancies and improves the long-term health of the mother. 15 Studies have shown mild to moderate interpregnancy weight loss in obese mothers may decrease the risk of subsequent large-for-gestational-age infants without necessarily increasing the risk for small-for-gestational-age infants. 16 As such, the postpartum phase and the interpregnancy interval are crucial for promoting maternal weight loss, which may directly contribute to offspring weight outcomes. Hispanic, African American women, and women with lower education have increased prevalences of both short interpregnancy intervals and obesity. In addition, in women, obesity prevalence increases with age. Therefore, race/ethnicity, age, socioeconomic status, and short interpregnancy intervals contribute to additive risk for high prepregnancy weight and excessive pregnancy weight gain in these populations.
Breastfeeding
Postnatally, the mother remains closely linked to her infant through feeding. Breastfeeding offers some protection for the infant against early rapid weight gain and may promote return to prepregnancy weight in the mother. 6, 17 Extended exclusive breastfeeding may also contribute to more optimal interpregnancy intervals, providing mothers more time to return to prepregnancy weight, or lose additional weight if the previous prepregnancy weight was in the overweight or obese range.
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Breastfeeding has beneficial effects for maternal weight. In the mother, breast milk production expends from 250 kcal/ d at birth to up to 900 kcal/d between 6 and 12 months of age. This may facilitate return to prepregnancy weight. In addition, breastfeeding may have other independent benefits for the mother. Breastfeeding has been associated with lower risk for type 2 diabetes mellitus, the metabolic syndrome, postpartum depression, and cardiovascular disease. Rates of premenopausal breast cancer and ovarian cancer are also lower in women who have breastfed a baby.
Breastfeeding decreases risk for later obesity in infants. Furthermore, maternal obesity and lack of breastfeeding interact to robustly increase risk for later obesity in the offspring (Fig. 2) . 18 In the baby, breastfeeding promotes optimal feeding because infant demand is matched to milk production in the mother. This helps to avoid infant overfeeding. Formula-fed babies have been shown to have higher risks for obesity and type 2 diabetes mellitus. Furthermore, mothers influence infant weight gain through other feeding strategies based on their knowledge, beliefs, and attitudes. Some of these may be confounded with the decision to breastfeed.
Obese women are less likely to initiate breastfeeding than their normal-weight counterparts (Fig. 3) . 19 Furthermore, they tend to breastfeed for shorter durations and introduce solid foods to their infants earlier than normal-weight women. 18 There are, therefore, additive risks related to maternal obesity and lower likelihood of breastfeeding.
Obstetric providers may have the opportunity to promote and support breastfeeding for the benefit of both the mother and the infant. The decision about infant feeding usually begins prenatally, well before women have consulted a pediatrician. Review of maternal intentions to breastfeed and provision of materials about the benefits of breastfeeding for mother and baby could have an impact. Breastfeeding initiation, determined in the first hours and days of life, is influenced by hospital policy and obstetric provider support. Labor and delivery units often provide mothers with education about the importance of breastfeeding. Breastfeeding can be presented as optimal infant nutrition and as beneficial to promote maternal postpartum weight loss, thus promoting optimal weight for the dyad. Because the first few hours and days are so crucial for breastfeeding initiation and establishing milk supply, education and identification of resources are ideally provided before delivery. Important resources include breastfeeding support groups, trained breastfeeding peer counselors, and lactation consultants. This information allows new mothers to prepare for breastfeeding and be aware of resources in case challenges arise.
Public Health Interventions and Implications
Pregnancy is an optimal time to break the generational cycle of overweight and obesity ( Fig. 1 ). 1 Interventions addressing maternal obesity that consider offspring outcomes have been mainly designed to prevent excess gestational weight gain and gestational diabetes mellitus in overweight and obese pregnant women. 11 Observational studies have found that higher maternal prepregnancy weight increases risk of obesity among offspring, but interventions to prevent the ''causal link'' are rare.
Lifestyle interventions have included education and behavioral counseling related to diet and physical activity. Such interventions have shown positive outcomes in controlling gestational weight gain and gestational diabetes mellitus. 20 Behavioral interventions (including regular weight monitoring and social support) are modestly effective in both preventing excess gestational weight gain and promoting return to prepregnancy weight. 11 Focusing on exercise and breastfeeding in the postpartum phase could promote optimal maternal weight with lasting effects up to 10 years later. 15 However, there have been few interventions focusing on long-term weight outcomes in both mother and infant. Furthermore, few culturally tailored programs are available, even though postpartum weight retention is most prevalent among women from minority groups. To date, no published The Effect of Maternal Obesity on Offspring 513 study has focused on high-risk motherinfant dyads from Hispanic, black, or native American populations, all of whom have the highest rates of obesity among women of childbearing age. 4 A systematic review and meta-analysis on the effects of interventions in pregnancy on maternal weight and obstetric outcomes found that of the 44 randomized-controlled trials reviewed, many lacked information on characteristics of the sample such as ethnicity, socioeconomic status, and underlying medical conditions. 20 There is a need for more intervention studies focusing on these high-risk groups. Breastfeeding promotion and support can also have public health effects. Education to support breastfeeding currently occurs during prenatal care and WIC appointments. Nonetheless, rates of exclusive breastfeeding and breastfeeding duration (to 6 mo) remain low in the United States. 17 Prenatal and postnatal breastfeeding interventions, combined with trained peer counselors for breastfeeding support have been shown to improve breastfeeding initiation, duration, and exclusivity, especially in conjunction with prenatal breastfeeding classes. 17 
Conclusions and Provider Recommendations
Obstetric providers have the capacity to influence maternal weight outcomes during and after pregnancy ( Table 1) . These approaches will subsequently help decrease risk in the fetus and infant, as well as in the mother. Consequently, these decreased risks will be salient throughout that individual's life and continue into the next generations. The following strategies are recommended to positively affect mother-infant dyad weight outcomes.
Counsel and guide women during the preconception and/or interpregnancy period about the benefits of starting pregnancy at the healthiest weight possible.
Provide close monitoring of gestational weight gain by assisting women to plot their weights using simple, visual, colorcoded tools at each prenatal visit (eg, green zone for appropriate weight gain, yellow zone for weight gain approaching excessive, red zone for excess weight gain). If gestational weight gain exceeds recommendations, at any time during the pregnancy, intervene with concrete suggestions for behavior and lifestyle changes (diet, self-monitoring of weight, exercise) to curb excess weight gain. Mother-infant dyad is inextricably linked during the entire peripartum period Maternal weight directly affects offspring during pregnancy, into childhood, and later life Both maternal prepregnancy weight and gestational weight gain are important for offspring birthweight-curbing excess weight gain is most ideal early in pregnancy; however, it is never too late to start-even controlling third trimester weight gain can help Special attention should be paid to women with overweight or obese prepregnancy body mass index and those who have excess gestational weight gain-they are at higher risk for a number of factors affecting offspring weight, including: infant high birthweight, rapid infant growth in the first year, and lower rates of breastfeeding initiation and shorter duration Fetal growth trajectory is affected by maternal prepregnancy weight and gestational weight gain; this growth trajectory continues into the first months of life Breastfeeding is beneficial for maternal postpartum weight loss and optimal infant growth-women can begin discussing their feeding intentions prenatally with their obstetric providers Interpregnancy interval is a crucial time-period for mothers to return to prepregnancy weight (or lose additional weight if overweight or obese); the postpartum period for 1 baby is the preconception period for the next Effectively tailored public health and clinical interventions are needed to promote healthy maternal prepregnancy weight, gestational weight gain, breastfeeding, and postpartum weight loss and, thus, optimal offspring weight outcomes Educate patients about the importance of postpartum weight loss and return to prepregnancy weight for the health of the mother-infant dyad in the next pregnancy.
During the prenatal and immediate postpartum period, promote the decision to breastfeed. Peripartum weight influences current and future pregnancies and the health of the mother. Appreciation of the importance of optimal rather than excessive weight gain for both mothers and infants could affect pregnancy and parenting practices. Focusing on this sensitive period is likely to add an important piece of the puzzle for solving the obesity epidemic.
